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Abstract
Purpose

It is difficult to distinguish between adult intracranial medulloblastomas and ependymomas because of
their overlapping imaging manifestations. However, considering their different treatments and prognoses,
accurate preoperative differential diagnosis is essential. This study aimed to investigate the value of
routine magnetic resonance (MR) examination combined with diffusion-weighted imaging (DWI) in the
differential diagnosis of adult intracranial medulloblastomas and ependymomas.

Materials and Methods

MR images of 18 medulloblastomas and 18 ependymomas in adult patients were retrospectively
analyzed, and differences in MR features of lesions and apparent diffusion coefficient (ADC) of solid
lesions between the two groups were recorded. Independent sample t-tests and x2 tests were used to
analyze the differences in MR signs and maximum ADC (ADCp,ax), minimum ADC (ADCp,in), @and mean
ADC (ADCpean) Values between the two groups. The receiver operating characteristic (ROC) curve was
used to determine the differential diagnostic efficacy and optimal threshold for each ADC value.

Results

There were significant differences in age and tumor enhancement between adult medulloblastoma and
ependymoma (P < 0.05). The ADCypay (0.69 +0.11 vs. 1.04+0.20x10" 3 mm?/s, P<0.001), ADC,i, (0.57 +
0.12vs. 0.96+0.21x10" 3 mm?/s, P<0.001), and ADCypean (0.62+ 011 vs. 1.00 + 0.20x10™3 mm2/s, P <

0.001) values were significantly lower in adult medulloblastoma than in ependymoma. The areas under
the ROC curves of ADCpax ADCrpin, @nd ADCiean Were 0.951, 0.957, and 0.966, respectively. The optimal

ADCqean threshold was 0.75x10” 3 mm?/s, with a sensitivity of 88.9% and a specificity of 88.9%.

Conclusion

Routine MR imaging examination combined with DWI is helpful in differentiating between intracranial
infratentorial medulloblastoma and ependymoma in adults.

1 Introduction

Medulloblastoma is one of the most common malignant brain tumors in children, accounting for 8—-10%
of children’s brain tumors (World Health Organization [WHO] grade IV) [1]. In contrast, adult
medulloblastoma is extremely rare, accounting for less than 1% of intracranial tumors [2]. Adult
medulloblastoma has unique subgroup-specific cytogenetic features that lead to differences in imaging,
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treatment, and prognosis between them and those in children [3, 4]. Adult medulloblastomas lack
characteristic imaging findings and are often misdiagnosed as ependymomas. According to the 2021
WHO classification of tumors of the central nervous system, ependymomas are divided into three grades:
WHO grades I-1Il [5]. There are evident differences in the prognoses of medulloblastomas and
ependymomas. Currently, the main treatment for these two conditions is surgical resection. Because
medulloblastomas are more malignant than ependymomas and their cerebrospinal fluid disseminates,
they require extended radiotherapy after surgery [6]. Therefore, it is important to establish a precise
differential diagnosis between the two conditions before surgery.

Magnetic resonance imaging (MRI) is a noninvasive biosafe diagnostic method that plays an important
role in the differential diagnosis of brain malignancies and lesions. Conventional MRI techniques, such as
T1-weighted imaging (TTW1), T2-weighted imaging (T2WI), fluid-attenuated inversion recovery (FLAIR),
and T1 enhancement, are the most common options. Moreover, some studies have reported that
diffusion-weighted imaging (DWI) has opened new horizons for the differential diagnosis of certain brain
tumors, because more information on the microscopic motion of water protons is provided [7, 8]. The
apparent diffusion coefficient (ADC) is a quantitative measure that can be obtained from DWI; it is
usually generated by scanner software and is therefore readily available in clinical picture archiving and
communication systems. ADC values have previously differentiated pediatric posterior fossa brain
tumors, and studies have found significant differences in ADC values between pediatric medulloblastoma
and ependymoma [9—-11]. However, it has not been used to differentiate adult medulloblastomas from
ependymomas.

Therefore, this study aimed to differentially diagnose adult medulloblastoma and ependymoma using
conventional MRI and ADC values before surgery to improve the accuracy of preoperative differential
diagnosis and guide further clinical treatment.

2 Materials And Methods
2.1 Patients

This study was approved by the Ethics Committee of the Lanzhou University Second Hospital. The
requirement to obtain informed consent was waived, and all data were fully anonymized. The clinical,
pathological, and MRI data of adult intracranial medulloblastoma and ependymoma confirmed by
surgery and pathology from January 2016 to December 2021 were retrospectively analyzed. The
inclusion criteria were as follows: (1) patients aged = 18 years, (2) patients with tumors located in the
subtentorial intracranial region, and (3) patients who underwent T1WI, T2WI, FLAIR, and enhanced T1 and
DWI before surgery. Finally, 18 (8 men and 10 women; age, 18-67 [average, 30.9] years) patients with
adult medulloblastoma were included. Moreover, 18 (11 men and 7 women; age, 18—58 [average, 40.7]
years) patients with adult ependymoma were included, including 5 and 13 patients with grade Il and IlI
ependymomas, respectively.

2.2 Magnetic resonance (MR) imaging
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Head MR and enhanced scans were obtained using the German Siemens Verio 3.0 T superconducting MR
scanner, with the patients in a supine position. The scanning parameters were as follows: T1WI (gradient
echo sequence): repetition time (TR) 550 ms; echo time (TE), 11 ms, layer thickness and spacing, 5.0 mm
and 1.5 mm, respectively; field of view (FOV), 260 mm x 260 mm; and matrix, 256x 256; T2WI (turbo spin
echo sequence): TR, 2200 ms; TE, 96 ms; layer thickness and spacing, 1.5 mm and 5.0 mm, respectively;
FOV, 260 mm x 260 mm; and matrix, 256x256; DWI (spin-echo echo-planar imaging sequence) (frequency
selection fat suppression technology): TR, 4000 ms; TE, 100 ms; layer thickness and spacing, 5 mm and
1.5 mm, respectively; FOV, 260 mm x 260 mm; and matrix, 256x256; and T2WI-FLAIR: TR, 9000 ms; TE,
110.0 ms; and layer thickness and spacing, 5 mm and 1.5 mm, respectively. b-values of 0 and 1000
s/mm2 were used in the three orthogonal directions. The contrast agent used was gadolinium-
diethylenetriamine-pentaacetic acid. An intravenous bolus injection of 0.1 mmol/kg with a flow rate of 3.0
ml/s was administered, and scanning parameters were all consistent with flat sweep.

2.3 Image analysis

Two physicians with more than 10 years of experience in neuroimaging diagnosis performed
independent readings in a blinded manner. The location, diameter, shape, cystic change, tumor boundary,
peritumoral edema, enhancement uniformity, and degree of enhancement of the tumor were observed
and recorded. According to the position occupied by the tumor body, tumors were categorized into
“midline” and “non-midline.” The tumor diameter was the maximum diameter of the axial tumor, the
morphology was recorded as regular or irregular, and the part of the tumor that was similar to the
cerebrospinal fluid signal without enhancement was recorded as cystic degeneration. Moreover, the
boundary of the tumor was recorded as clear or blurred according to the observation, peritumoral edema
was defined as a hyperintense area on T2WI and FLAIR images that was not enhanced on enhanced
scans, and if different degrees of enhancement were observed in 10—-90% of the tumor volume, it was
inhomogeneous. Regarding tumor enhancement degree, mild enhancement was lower than the
cavernous sinus, close to the cavernous sinus, but the intratumoral structure could be identified as
moderate enhancement, and the intratumoral structure could not be identified as severe enhancement,
recorded as mild-moderate and severe reinforcement. After the DWI scan was completed, the
corresponding ADC image was obtained by computer post-processing according to the original DWI
image. Regions of interest (ROIs) were drawn on the contrast-enhanced T1-weighted MRI-enhanced area
(executive section) and were as centrally located as possible in the tumor; care was taken to avoid cystic,
necrotic, and hemorrhagic areas that could affect ADC values. The ROI size was a circle of approximately
30 mm?, and each lesion was measured three to nine times, depending on the size of the lesion [12]. The
ADCpax ADCppin, @and ADCpean Values of each ROI were measured and recorded, and the average value
was used for analysis. A consistency analysis was performed on the measurement results of the two
physicians.

2.4 Statistical analyses

The clinical data and MRI signs of adult intracranial medulloblastomas and ependymomas were
statistically analyzed using the Statistical Package for the Social Sciences version 23.0. Interobserver
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agreement was assessed by calculating the intraclass correlation coefficient (ICC) values for the ADC
measurements of the two physicians as follows: ICC < 0.4, poor; 0.59 >ICC = 0.4, fair; 0.75>ICC = 0.6,
good; and ICC = 0.75, excellent [4]. When comparing between groups, the chi-squared test or Fisher’s
exact test was used for enumeration data, the Kolmogorov—-Smirnov test was used to test whether the
measurement data conformed to a normal distribution, and the independent samples t-test was used for
normally distributed measurement data. Otherwise, the U test was used. Differences were considered
statistically significant at P < 0.05. A receiver operating characteristic (ROC) curve was used to evaluate
the differential diagnostic abilities of ADCyin, ADCrean @nd ADCpax:

3 Results
3.1 Clinical and MR features

The age at onset of adult intracranial medulloblastoma was lower than that of adult ependymoma, and
the difference between the two groups was statistically significant (P = 0.002). The enhancement degrees
of adult medulloblastoma were approximately 72.22% and 27.78% with mild to moderate enhancement
and marked enhancement, respectively, whereas those of adult ependymoma were approximately 38.89%
and 61.11%, respectively, and the difference was statistically significant (P = 0.044). There were no
significant differences in sex, tumor location, shape, maximum tumor diameter, cystic degeneration,
tumor boundary, peritumoral edema, or enhancement uniformity between the two groups (P >0.05)

(Table 1, Fig. 1, and Fig. 2).
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Table 1

The clinical and conventional magnetic resonance imaging characteristics of adult medulloblastoma
and ependymoma

Clinicoradiological features Medulloblastoma (n=19) Ependymoma (n=19) P

Age (years, mean + SD) 309+12.3 40.7+11.6 0.002*
Sex (male/female) 8 (10) 11 (7) 0.317
Location centerline 6 (33.33%) 4 (22.22%) 0.457
Regular in shape 4 (22.22%) 2 (12.50%) 0.371
Maximal transverse diameter (cm)  37.60+11.47 36.48 +15.03 0.788
Cysts/necrosis changes - yes 13 (38.46%) 17 (94.44%) 0.074
Peritumoral edema - yes 4(22.22%) 2 (12.50%) 0.371
Enhancement of uniformity —yes 3 (16.67%) 4 (22.22%) 0.674
Severe enhancement - yes 5(27.78%) 11 (61.11%) 0.044*
Data reported as the number of patients (%) and mean + SD

* = significant

3.2 Apparent diffusion coefficient value

The ICC of the ADC values measured by the two observers was 0.969, indicating excellent agreement. The
ADCpax ADCppin, @nd ADCean Values of adult ependymomas were significantly higher than those of
adult medulloblastomas (P <0.001) (Table 2). The areas under the ROC curves of ADCax, ADCppin, @nd
ADC pean Were 0.951, 0.957, and 0.966, respectively. When the ADCy,.x threshold was 0.86x10™ 2 mm2/s,
the sensitivity and specificity of diagnosing medulloblastoma and ependymoma were 83.3% and 100.0%,
respectively. When the ADC,peapn threshold was 0.57x10 2 mm?/s, the sensitivity and specificity of
diagnosing medulloblastomas and ependymomas were 88.9% and 88.9%, respectively. When the ADCin
threshold was 0.69x10~3 mm?/s, the differential diagnosis of adult medulloblastomas and
ependymomas was more effective, with sensitivity and specificity of 88.9% and 88.9%, respectively
(Table 3, Fig. 3).
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Table 2
Comparison of apparent diffusion coefficient (ADC) nax, ADCmean @nd
ADCpin values between adult medulloblastomas and ependymomas

Group ADCpax ADCpin ADCpean

(x1073mm?%/s) (x10"3mm?%/s)  (x10~3mm?/s)

Medulloblastoma  0.69%0.11 0.57+0.12 0.62+0.11
Ependymoma 1.04+0.20 0.96+0.21 1.00+0.20
t -7.014 -6.863 -7.283

P <0.001* <0.001* <0.001*

* = significant

Table 3

Diagnostic performance of adult medulloblastomas and ependymomas by
different parameters

Parameter AUC  cytoff (x10"3mm?/s)  Sensitivity  Specificity
ADC ax 0.951 0.56 83.3% 100.0%
ADCin 0.957 0.69 88.9% 88.9%
ADC 1 ean 0.966 0.75 88.9% 88.9%

4 Discussion

MRI is the primary method for the preoperative evaluation of medulloblastomas and ependymomas in
adults. Our study found statistically significant differences in age and tumor enhancement between the
two patients. In addition, we found that the ADC,a5, ADCmean @nd ADCpi, Values of medulloblastoma
were significantly lower than those of ependymoma. Among them, ADC,,ean, had the highest AUC value of

0.898, and when the cutoff value was 0.75x10™3 mm?2/s, its sensitivity and specificity were 88.90% and
88.90%, respectively. Therefore, conventional MR and ADC values are considered valuable in
differentiating medulloblastomas and ependymomas.

4.1 Clinical and MR features

First, the present study found that the age of onset of adult medulloblastomas was lower than that of
ependymomas. Adult medulloblastomas and ependymomas are relatively rare tumors of the central
nervous system. Wong’s study found that the median age at diagnosis of adult medulloblastoma was 27
(range, 19-63) years [4]. Our study showed that the mean age of patients at diagnosis was 30.9 years.
Zhao et al. [13] reported that the average age at diagnosis of intracranial ependymoma in adults was
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36.2 years. The result of our study is similar to those of previous studies. In addition, we distinguished
conventional MR findings of adult medulloblastomas from those of ependymomas. We found a
statistically significant difference in the degree of enhancement between the two groups. Adult
medulloblastomas were mainly mild-to-moderately enhanced, whereas ependymomas were significantly
enhanced. The degree of tumor enhancement is generally related to blood supply to the tumor. There are
various enhancement methods and degrees of adult medulloblastoma, which can manifest as no evident
enhancement, “cloud flocculent” uneven weak enhancement, evident enhancement of the whole tumor, or
rosette enhancement due to evident necrosis and cystic transformation of the tumor. The enhancement
methods of medulloblastomas are not only related to the blood supply of the tumor but also to its
histological type [14]. Ependymomas, especially anaplastic ependymomas, are tumors with relatively rich
blood supplies [15]. Thus, there is less enhancement in adult medulloblastomas than in ependymomas.

4.2 Apparent diffusion coefficient value

DWI is a functional MRI technique that can detect the extent of water diffusion in biological tissues [16].
The ADC value can be obtained from DWI and is a quantitative indicator that is negatively correlated with
the DWI signal; that is, as the ADC value increases, the diffusion of water molecules accelerates, and the
DWI signal decreases [17]. Recently, DWI has made progress in the differential diagnosis of
medulloblastomas and ependymomas in the posterior fossa of children. Pierce et al. [18] found that the
ADCpin value of childhood medulloblastomas was lower than that of other posterior fossa tumors,

including ependymomas. When the ADC,i, threshold value was 0.66x10” 2 mm?/s, the positive and
negative predictive values of other tumors were differentiated, and the accuracies were 86%, 97%, and
93%, respectively. Another study showed that the ADC,a5 ADCpyean, @nd ADC,in Values of children’s
ependymomas were higher than those of children’s medulloblastomas, and the difference between the
ADCpp,ax @and ADCipean Values was significant [19]. Similar results were found by Dury [11], with a cut-off

value of 0.96x10™3 mm?/s for distinguishing between medulloblastomas and ependymomas in children.
The results of the present study are similar to those of previous studies, among which ADC,ean has the

highest discriminative performance, with an AUC value of 0.898 and a cutoff value of 0.71x10~3 mm2/s,
with sensitivity and specificity of 92.9% and 71.4%, respectively. Our study found that the ADC value of
adult medulloblastomas was significantly lower than that of adult ependymomas. This may be because
adult medulloblastomas are WHO grade IV malignant tumors. Pathology shows many densely packed
small round or oval cells with high nuclear-to-cytoplasmic ratios. Molecular diffusion is limited, and
dense tumor cells limit the diffusion of water [20]; therefore, the tumor's ADC value is low. In contrast,
ependymomas originate from ependymal cells. Pathologically, the size and shape of tumor cells are
similar. The main difference between ependymomas and medulloblastoma is the rich cytoplasm. As the
cytoplasm of tumor cells is rich, the nucleocytoplasmic ratio is low, and the cells are relatively small.
Medulloblastomas are loose; thus, the limited diffusion of water molecules inside and outside the cell is
lighter than that in medulloblastomas. Moreover, DWI has mostly iso- or low signal, and the
corresponding ADC value is higher. As a result, the ADC value of adult medulloblastomas is lower than
that of ependymomas.
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4.3 Limitations

This study has certain limitations. First, the sample size was small, and no further grading and typing of
the adult medulloblastomas and ependymomas were performed. Because adult medulloblastomas and
ependymomas are relatively rare tumors, sample size needs to be expanded in later studies. Second, this
was a retrospective study, and there was a certain selection bias. Finally, our study is a preliminary
exploration of the identification of adult medulloblastoma and ependymoma, and more advanced
techniques will be used to identify the two in later stages.

4.4 Conclusion

In conclusion, compared with ependymoma, adult medulloblastoma has a lower degree of MR
enhancement, and the ADC value of medulloblastoma tumor parenchyma is significantly lower than that
of ependymoma, for which ADCp,ean is the best indicator. Routine MR signs combined with ADC values

have value in differentiating adult medulloblastomas and ependymomas.
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Figures

Figure 1

A 28-year-old woman with medulloblastoma of the fourth ventricle. a=b Fourth ventricle growth type
round long T1, long T2 mass shadow, with cystic degeneration signal inside; ¢ T1 enhancement shows
uneven enhancement of the tumor, showing moderate patchy enhancement; d—f diffusion-weighted
imaging (DWI) shows high signal in the solid part, and apparent diffusion coefficient (ADC) signal
decreases. e Pathological picture (hematoxylin and eosin [H&E], x200). The tumor cells grow densely; the
cells are short spindled and oval shaped, with sparse cytoplasm; and the chromatin is clump-shaped,
forming a true rosette structure.
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Figure 2

A 49-year-old woman with ependymoma of the fourth ventricle. a—b Fourth ventricle growth type round
long T1, long T2 mass shadow, with cystic degeneration signal inside; ¢ T1 enhancement shows evident
inhomogeneous enhancement; d—f shows that the solid part is slightly low signal on DWI, and ADC
shows equal and slightly high signal; e pathological map (H&E, x200) shows that the tumor tissue is
composed of spindle cells, the tumor cells are arranged in bundles and weavings, the cytoplasm is
eosinophilic, the nucleus is spindle-shaped, and mitotic figures are rare.
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Figure 3

The ADCax, ADCpin, @nd ADCipean Values differential diagnosis of adult medulloblastoma and
ependymoma, and area under the curve is 0.951,0.957, and 0.966
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